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Data Report Series 



The data presented in this unreviewed report were collected 
by staff formerly of the Water Resources Branch of the Ontario 
Ministry of the Environment as part of the study on nearshore Great 
Lakes water quality. Every possible effort was made to ensure the 
accuracy of the information contained in this publication. 
Verification of any suspect data may be obtained by contactinq the 
author. Laboratory Services and Applied Research Branch, Toronto 
(416-248-3058). 
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PREFACE 



A programme to enhance monitoring of nearshore Great Lakes 
water quality through the use of municipal water intakes was 
established in 1976. The programme was initiated at eleven Great 
Lakes locations for which biological monitoring of water quality 
using phytoplankton measurements was already in place. The main 
goal of this expanded programme was to monitor the nearshore water 
quality over a long term (ten years or more) with emphasis on 
selected trophic state indices. By 1980, an additional six 
locations had been added (for a total of seventeen) to the 
programme. This unpublished report provides a description of the 
programme operation and methodologies. Separate appendices provide 
a readily available source of basic data collected at each location 
for the period 1976 to 1981. 

The data are periodically submitted to the Surveillance Work- 
group, International Joint Commission to aid in the assessment of 
the Great Lakes nearshore water quality. Funding of this study has 
been provided, in part, through the cost-shared programme of the 
Canada-Ontario Agreement and the Ontario Ministry of the Environment. 
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ABSTRACT 



Great Lakes Nearshore Water Quality Monitoring 
at Water Supply Intakes. Data Report 1976-1981 



A sampling programme, using eleven Great Lakes municipal water 
works intakes was established in 1976 for the purpose of measuring 
chemical and biological water quality of the nearshore waters. The 
prograimie was expanded in 1979 and now includes seventeen locations from 
Thunder Bay on Lake Superior to Brockville on the St. Lawrence River. 

Data are available for samples which have been collected at each 
location on a weekly basis, all year-round. Analyses include twelve 
water quality parameters with emphasis on trophic state indices such as 
phosphorus, nitrogen, chlorophyll and phytoplankton. The main goal of 
the prograrmne is to monitor the nearshore water quality for long term 
trend analysis. This report provides a description of the programme 
operation, methodologies and appendices. 

The appendices (in five parts) include weekly raw data for all 
parameters, monthly means and graphics and have been edited further 
since previously published reports. No interpretation has been provided 
for the data presented in this report. The data collected to date have, 
however, indicated that water supply intakes can be used year-round as a 
cost-effective means of measuring nearshore Great Lakes water quality. 
The continuation of this programme will provide useful information, 
particularly for long term trend analyses. 



Hopkins, G.J. 1983. Great Lakes ^earshore Water Quality Monitoring 
at Water Supply Intakes 1976-1981. Ont. Min. of Envir. Data 
Report DR83/101. 
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TNTROnuCTION 

In 197*^, the Ontario Ministry of the Fnvironment expanded its 
provincial phytoplankton monitoring programme at Rreat Lakes water 
supply locations to measure several chemical water quality 
parameters. The main goal of this expanded intake monitoring 
programme was to assess the nearshore water quality of the Great 
Lakes over a long term (ten years or more) with emphasis on selected 
trophic state indices such as phytoplankton, phosphorus, nitrogen, 
silica, chloride, conductivity and chlorophyll. Previous studies by 
Davis (1964), Schenk and Thompson (19ftF), Nicholls et al^. (1980) and 
Nicholls (1981) have shown the usefulness of waterworks intake 
locations for monitoring changes in the nearshore quality of the 
Great Lakes. These studies have also indicated that water intakes 
were a cost-effective means of obtaining frequent nearshore water 
quality data on a year-round basis regardless of lake weather 
conditions. 

Phytoplankton biomass measurements have been made at numerous 
municipal water supplies in Ontario since 1964. The addition of 
chemical analyses in 1^76, enabled the Ministry to use the 
phytoplankton data as a means of assessing the effectiveness of 
phosphorus removal programmes (Nicholls et^ ^. 1977). Reductions in 
P levels alone do not provide evidence for improved water quality. 
An associated decline in algal densities and a shift away from 
certain algal species implicated in the water quality problems of 
toxicity, odours and filter clogging are needed to show this effect. 

The participants at eleven waterworks locations were 
requested to collect additional water samples on a weekly basis to 
complement the phytoplankton data already being collected. By 1981 
this programme had been expanded to seventeen locations (Figure 1) 
from Thunder Bay on Lake Superior to Brockville on the St. Lawrence 
River (Table 1 ). 
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The purpose of this report is to provide an update to the 
previous reports (Hopkins 1977) and (Hopkins 1979), outlininq 
changes in the operation of the programme, since its inception, and 
to edit and present the data collected to the end of 1981. No 
attempts have been made to analyse the data for trends at this time. 
Some long term trend analyses have heen previously reported in the 
references cited above and in Hopkins (19P3). 



METHODS 

Weekly raw water samples were collected from the water 
treatment plant intake pipes at a point prior to chlorination. This 
sample was either collected from the low lift well or from a 
continuously flowing tap in the plant laboratory which was connected 
to the intake pipe. One litre samples for phytoplankton analyses 
were preserved, concentrated and counted at six locations fTable ?) 
by a qualified operator trained by Ministry staff using the 
Sedgewick-Rafter A.S.U. technique (A.P.H.A. 197S). At the remaining 
locations, a one litre sample was collected, preserved with ? mL of 
Lugol's iodine solution (containing glacial acetic acid) and 
forwarded to Toronto for concentration and analyses of the 
phytoplankton with inverted microscopes using the Utermohl method 
(Utermohl 1958). Aliquots of the concentrated samples were settled 
in 5 mL Utermohl-type plankton counting chambers, where at least one 
half the chamber was scanned at 300X for the larger phytoplankters. 
One to several radii were examined at f^OOX for smaller forms which 
were identified to the genus level. Between ?00 and 400 "pieces" 
(cells, filaments or colonies) were counted and measured for each 
sample, a number that Lund et aj^- (T^fifi) considered to provide 
acceptable precision. Phytoplankton biomass at the waterworks 
locations have been expressed as Areal Standard Units per mL (one 
A.S.U. is equivalent to 400 square microns of algae) since the algal 
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related problems of filter clogqinq and taste and odours at water 
treatment plants have been historically defined in areal units. For 
comparison with data expressed as cell volume (mm"^/L or mq/m ) 
an appropriate conver<;ion for average values is found in the 
equations (A.S.U./mL = 476 mm^/L-55) (Nicholls l^Rl). 

Raw water samples for chemical analyses were collected at the 
same time and place as the phytoplankton samples, placed in SOO mL 
polystyrene containers and shipped the same day to one of the 
Ministry's laboratories (Table ?) for analyses of total (unfiltered) 
P, soluble reactive P, ammonia-N, total Kjeldahl-N, nitrite-N, 
nitrate-N, chloride, conductivity and silica funfiltered reactive 
silicate). Dne litre samples of raw water stabilized with 1 mL of a 
n.'iX magnesium carbonate solution were forwarded to the Ministry 
laboratories in Toronto or Thunder Ray (Table ?) for chlorophyll a 
and h analyses. Chemical samples were analyzed accordinq to the 
methods described in "Outlines of Analytical Methods", (Anon I'???!), 
Laboratory Services Branch, Ministry of the Environment and its 
subsequent revisions. 

Durinq the period ]97fi-]9Ri. chemical methodology changes were 
of a minor nature and were implemented primarily to reduce sample 
analytical times. Inter-laboratory comparison studies completed on 
duplicate samples for the PLUARG programme during 1Q7R showed the 
average bias between laboratories was less than ?% for the above 
mentioned parameters (0. King, pers. comm.). A large block of 
chlorophyll data was rejected during the summer of 1977 due to 
laboratory analytical problems. 



RESULTS AND niSCUSSIQN 

Since lORl all chemical samples submitted for analyses to the 
Toronto laboratory have been processed by the Laboratory Information 
System (L.I.S.). These data were subsequently transferred to the 
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Ministry's computerized Sample Information System fS.I.S.)- 
Original copies of the results of individual sample submissions have 
been forwarded to each of the participants in the Great Lakes Intake 
Monitoring Programme. A summary of the first years' data (Hopkins 
1977) and a summary of data for the period ]976-lci7fi (Hopkins 1979) 
have been reported previously. Since that time the data have been 
reviewed and edited further and additional phytoplankton data have 
been added. Data analyzed at locations other than Toronto and all 
phytoplankton data were excluded from the L.I.S. and S.I.S. files 
but a mass transfer of all edited data from 197fi to Ouly 19^1 was 
made from the HPoa?5 system to S.I.S. in September, 19Fi]. 

The data have been summarized bv location in several formats 
using an HP 98?^ desk-top computer. The raw data (weekly analyses) 
for twelve parameters with the annual minimum, maximum, mean, 
standard deviation (±1 S.D.) and number of samples are available as 
a single page print-out in long or short form (Appendices 1 to 17, 
part A and B). These data have been converted to monthly means 
(Appendices 1 to 17, part C) and are available in graphical form as 
(Appendices 1 to 17, part D and E) with a maximum combination of 
five locations or parameters oer page. Table 3 summarizes the 
parameter ranges, detection criterion and the maximum and minimum 
concentration from all 17 locations included in this study from 197f^ 
to 1981. 

No attempt has been made to provide an interpretation of thp 
data in this report. The data are provided for the information of 
the participants in the proaramme and other agencies which may have 
use for the data. A brief comment was made on the parameters 
selected for this study in a presentation to the Chief Operators 
Conference in lQ7fi (Hopkins 1^76) and this information is repeated 
here. 
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To tal phosphorus occurs naturally in surface waters and is an 
element essential to all forms of life. Artificial inputs of 
phosphorus play a significant role in promoting over-abundance of 
alqae and aquatic plants which may impair water quality. Phosphorus 
results are used in assessing a water's potential for biological 
productivity as well as the efficiency of nutrient removal at waste 
treatment plants. Values in excess of ?5 ug/L total P (Anon 1972) 
may be responsible for excessive alqal growths. Although there is 
no firm criterion for phosphorus. Sawyer (19^7) suggested that 300 
uq/L of inorganic nitrogen (N) and 10 ug/L of soluble P at the start 
of the growing season could produce nuisance algal blooms - a 
quideline which has been substantiated by more recent work. At some 
of the Great Lakes intake sites there are periods when total P 
concentrations exceed the ?5 vig/L (0.0?5 mg/L) level. 

Nitrogen determinations consist of four components separating 
the organic nitrogen from the inorganic nitrogen. Briefly, the 
nitrogen cycle includes a decomposition process from total organic 
compounds to free ammonia, nitrite, and nitrate, all inorganic 
forms. Through algal and other plant growth, free ammonia and 
nitrates may be utilized to regenerate more organic matter. In 
assessing nutrient parameters in relation to algal growths, a good 
rule of thumb is to compare the total Kjeldahl nitrogen to the total 
P. ff the algae are utilizing all the nutrients, these two 
parameters will be present in the ratio of 10-?0:1. Tf the ratio 
does not fall within this range then N will be in limited supply at 
higher ratios and P will be limiting at lower ratios. The 
concentrations of phosphorus and nitroqen are usually minimal in 
natural run-off. In lakes receiving excessive inputs of sewage 
and/or agricultural run-off the ratio of N:P will be lower, as will 
be the ammonia and nitrate components during the summer arowth 
period as a result of algal assimilation of all available inorganic 
nitroqen. Relative to nitrogen, phosphorus in sewage enriched lakes 
is often supplied in excess of the requirements for algae. 
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Conductivity and chloride are used toqether to measure thp 
sal Unification of a lake system. These measurements are used to 
calculate the total dissolved solids which are an approximate 
measure of the dissolved "salts" in a lake, fbloride is a 
non-reactive conservative substance which reflects the influence of 
human activity on a water basin. Chloride concentrations increase 
as they move down through the Rreat Lakes system because of 
increasinq road de-icinq operations. Urban runoff often contains 
high concentrations of chloride in winter due to the application of 
road salt and these may affect readinqs obtained at waterworks 
locations. Conductivity is a measure of the ability of a water to 
carry ar\ electric current and depends on the concentrations of ions 
in solution to conduct that current. Tt is so precise and accurate 
that it is often preferred to a dissolved solids test as an 
indicator of the dissolved solids content of a natural water sample 
(Anon 1981). 

The element sil icon is second only to oxygen in abundance and 
is present as silica or silicates in sand. The qeoloqical deposits 
in the drainage basin are the source of silicate in Great Lakes 
waters. Silicates are an essential nutrient for the growth of 
diatoms, the most common alqal type in the Rreat Lakes and a silica 
depletion may cause a reduction in alqal densities if diatoms are 
dominant, or perhaps a shift to other aloae fe.q. greens or 
blue-green algae) not requiring SiO^. Silicon concentrations are 
measured as the soluble reactive silicate ion expressed as mg Si/L. 

Chlorophyll 1s the natural pigment component of all green 
plants and is used as an index of the lakes' biological 
productivity. Chlorophyll a^ and chlorophyll b are measured in uO/L 
Quantities. Chlorophyll a and b^ are found in the green algae 
whereas the blue-greens contain only chlorophyll a. The 
chrysophytes including the diatoms and the chrysomonads contain 
chlorophyll a and c. Chlorophyll c is not measured in the Ministry 



laboratory. Chlorophyll h^ is often very small in relation to 
chlorophyll a^. Hiqh chlorophyll values cause qreater analytical 
variability and interpretation of results showinq values qreater 
than ?0 uq/L Should be examined with caution (Anon l<5pl). 

rhlorophyll concentrations may be used as an indicator of 
eutrophy. Chlorophyll £ concentrations less than ? yg/L will 
reflect low algal densities and unenriched conditions. 
Concentrations qreater than 4 yq/L will reflect moderately high 
algal densities and enriched conditions. A sinqle high reading may 
only reflect a short-lived algal pulse. It should be emphasized 
that there are many factors which determine the chlorophyll content 
of algal cells and that chlorophyll measurements provide a simple 
but only approximate indication of alqal biomass. 

Phytoplankton biomass measurements and alqal taxonomy are 
also used to provide assessments of water quality in the rireat 
Lakes. The dominance of certain diatom species and low biomass in 
Lakes Superior and Huron ?it& indicative of oliqotrophic waters 
whereas high alqal populations dominated in the summer by blue-green 
algal pulses reflect the more eutrophic conditions of Lake Erie, 
rhrysophycean algae are common to some Great Lakes locations and 
frequently dominate the alqal populations in the late sprinq and 
early fall. Increases in this group as a percentaqe of the total 
biomass have been shown to reflect decreases in P concentrations 
(Nicholls 1976). With high biomass levels of diatoms in the sprinq 
silica concentrations can become a limiting factor thus leaving room 
for more eutrophic green and blue-green forms to develop later in 
the season. Diatom populations can be lost from the water quite 
rapidly by sedimentation but some of the blue-greens are transported 
great distances. For this reason populations of green and 
blue-green algae are more noticeable in late summer and early fall 
when silica levels ire. at a minimum (Hopkins 1983). 
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Many of the data collected to date have been used to ofovide 
input to individual papers, reports, presentations and summaries 
which are listed in Appendix 18. The data reported here cover the 
first six years of the study. Lonq term trend analyses have not 
been extensively applied to all the data but a detailed 
interpretative report has been prepared for the Lake Huron locations 
(Hopkins, 1983). Reports for locations on Lake Erie and Lake 
Ontario are in preparation. 
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Table 1: Participants in Water Intake Monitorinq Programme f*MOE Plant) 



Plant 


Name 


Lake 1 


fnitiation Date 


No. 








1. 


Goderich W.W.* 


Lake Huron 


Jan./76 


2. 


Lake Huron W.S.S.*(Grand Bend) 


Lake Huron 


Jan./76 


3. 


Lambton Area W.S.S.* (Sarnia) 


Lake Huron 


Feb./ 76 


4. 


Amherstburq A.W.S.* 


Detroit River 


Jan./ 76 


5. 


Union W.S. (Kingsville) 


Lake Erie 


Jan,/ 76 


6. 


Blenheim Area W.S-* 


Lake Erie 


Jan./76 


7. 


Elgin Area W.S.* (St. Thomas) 


Lake Erie 


Jan./76 


8. 


Dunnvil le Req' 1 W.S.* 


Lake Erie 


Jan./ 76 . 


9. 


South Peel W.S.* (Lakeview) 


Lake Ontario 


Jan./76 


10. 


Kingston W.W. 


Lake Ontario 


Jan./ 76 


11. 


Brockville W.W. 


St. Lawrence River Jan./76 


1?. 


Bertie Twp. W.W. 


Lake Erie 


Sept./ 78 




(Rosehill Water Plant) Req'l Mun. 


of Niagara. 




13. 


Terrace Bay W.W. 
(Kimberly-Clark Paper Co.) 


Lake Superior 


May/ 79 


Id. 


Thunder Bay W.W. 
(Bare Point Intake) 


Lake Superior 


July/7Q 


15. 


Metro Toronto 
(R.L. Clark Plant) 


Lake Ontario 


Sept./79 


16. 


Grimsby W.W. 

(Reg'l Mun. of Niagara) 


Lake Ontario 


0ct./80 


17. 


Cobourg W.W. 


Lake Ontario 


0ct./80 
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Table 2: Water Treatment Plant Locations, parameters analyzed and 
locations of analyses from 1976-Pl . 1 = S.W. Region Lab. 
(London); 2 = Central Lab. (Toronto); 3 = S.E. Region Lab. 
(Kingston); 4 = in W.W. plant; 5 = N.W. Region Lab. (Thunder 
Bay). 



Location 










Parameters 












P 


N 


CI 


Cond. 


Si 


Chloro 


PhytO 


Goderich 


'76- '81 


1 




1 




1 


2 


4 


Grand Bend 


'7fi-'fil 


1 




1 




1 


7 


4 


Sarnia 


•76-'Rl 


] 




1 




1 


7 


4 


Amherstburq 


1=576 


1 




1 




1 


2 


4 


H 


1977 


7 




2 




? 


2 


4/2 


M 


'78- '81 


2 




2 




2 


2 


2 


Union 


•76-'81 


1 




1 




1 


2 


4 


Blenheim 


'76- '81 


1 




1 




1 


2 


4 


Elgin 


'76- '81 


] 




1 




1 


7 


2 


Dunnvi He 


'76- '80 


2 


2 


2 


2 


2 


2 


4 


n 


1981 


2 


2 


2 


2 


2 


7 


7 


South Peel 


'76-'81 


2 


2 


2 


2 


2 


2 


4 


Kingston 


'76- '77 


3 


3 


3 


3 


? 


- 


2 


H 


•78-'81 


3 


3 


3 


3 


7 


7 


? 


Brockville 


'76-'77 


3 


3 


3 


3 


2 


- 


t 


H 


'78- '81 


3 


3 


3 


3 


2 


2 


2 


Bertie Twp. 


'78- '81 


2 


2 


2 


2 


2 


2 


- 


Terrace Bay 


'79- '81 


5 


5 


5 


5 


5 


5 


2 


Thunder Ray 


'79-'81 


^ 


5 


■s. 


5 


% 


!■ 


? 


Metro Toronto 


'79- '81 


7 


2 


2 


2 


2 


2 


7 


Grimsby 


'80- '81 


7 


2 


? 


2 


2 


? 


7 


Cobourg 


'80- '81 


2 


2 


2 


2 


2 


2 


2 
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Table 3: Summary of parameters, their analytical ranqes and detection 

criterion, and their maximum and minimum concentrations to date 
in this study*. 

Parameter Range on Undiluted Detection Concentration 

Sample** Criterion 1976-1981 

Max. Min. 



Total Phosphorus as P 0.004-0.2 mg/L 0.003 mq/L 0.850 <.001 

Soluble Reactive 0.004-0.100 mg/L 0.00?9 mg/L 0.??0 <.00] 
Phosphorus as P 

Nitrogen- 0.007-0.400 mq/L O.OOfi mq/L 1.300 <.00? 
Free Ammonia 

Nitrogen - 0.04 -?.0 mg/L .036 mg/L 2.450 0.010 
Total Kjeldahl 

Nitrogen - 0.001-0.1 mg/L .002 mg/L 0.33B <.001 
Nitrite (NO^) 

Nitrogen - Calculated - '^.500 <.01 

Nitrate (NOg) 

Chloride 0.1 -10 mg/L 0.18 mg/L 49 1.0 

Conductivity <500 umho/cm 0.3 ymho/cm 5fiO 83 

Reactive Silicon 0.09 -5.0 mg/L O.OR mg/L 3.?5 <.0? 

Chlorophyll a^ in uq/L <20 ug/L N.A. 20. fi <0.1 

Chlorophyll b in ug/L <20 yg/L N.A. 9.3 <0.1 

Phytoplankton Biomass A.S.U./mL N.A. 22,5^9 <1.0 

*Great Lakes Intake Monitoring Programme 
**In "Outlines of Analytical Methods" Anon 1981. 
N.A. - Not applicable 
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